IMPORTANCE Administration of corticosteroids to women at high risk for delivery in the late preterm period (34-36 weeks' gestation) improves short-term neonatal outcomes. The cost implications of this intervention are not known.
P reterm delivery remains an important and costly problem in the United States. 1 It is estimated that approximately 10% of births in the United States are preterm, and of those, approximately 70% occur between 34 and 36 weeks of gestation (ie, the late preterm period). 2 The neonatal morbidities associated with late preterm delivery are well described, with respiratory morbidity among the most common. [3] [4] [5] [6] Specifically, infants born in the late preterm period are at higher risk of respiratory distress syndrome, transient tachypnea of the newborn, and ventilator and surfactant use compared with their term counterparts. 5 Late preterm birth is associated with higher costs than term births because of longer hospitalizations related in part to respiratory morbidity. [7] [8] [9] [10] [11] It has been suggested that a substantial proportion of prematurity-related costs in the neonatal period and in later childhood are associated with infants born moderately or late preterm because of the magnitude of their numbers compared with the fewer early preterm births, although such estimates must be interpreted cautiously because of potential issues of generalizability. [12] [13] [14] To address the problem of respiratory morbidity in late preterm neonates, the Maternal-Fetal Medicine Units Network conducted the Antenatal Late Preterm Steroids (ALPS) trial. The study, in which the objective was to evaluate the role of antenatal corticosteroids in women at risk for late preterm birth, demonstrated that administration of betamethasone to women at high risk for late preterm delivery improved the rate of shortterm neonatal respiratory complications. 15 Subsequently, administration of late preterm corticosteroids has been incorporated widely into practice in the United States. 16, 17 However, the cost implications of this practice are not known. Therefore, our objective was to assess whether administration of antenatal betamethasone, compared with standard of care without betamethasone therapy, was a cost-effective strategy.
Methods

Study Framing
In this secondary analysis of the ALPS randomized clinical trial, which was performed from October 30, 2010, to February 27, 2015, we conducted a retrospective economic evaluation of antenatal corticosteroids vs no treatment for women at risk for late preterm delivery using patient-level data for costs reflected by resource use and effectiveness in that trial. To be eligible for the ALPS trial, women had to have a nonanomalous singleton gestation and be deemed at high risk for preterm delivery between 34 weeks 6 days to 36 weeks 0 days of gestation. Eligible women could be at risk for medically indicated or spontaneous preterm delivery, and study drug could be administered in an inpatient or outpatient setting, depending on the clinical scenario. Other details of the ALPS trial have been published previously. 15 This secondary analysis was initially started in June 2016 and revision of the analysis began in May 2017. The institutional review boards at the participating institutions provided approval for this study. Written informed consent was obtained from all participants before randomization.
Resource Utilization and Costs
The current cost-effectiveness analysis included participants who received at least 1 dose of the study drug and who were not lost to follow-up. The primary neonatal outcome in the ALPS trial was assessed at 72 hours of life, but resource utilization information was collected through hospital discharge of mother and infant. New-onset respiratory compromise associated with late preterm status after 72 hours after delivery is uncommon; thus, effectiveness was determined based on the difference between groups in the frequency of respiratory morbidity at 72 hours. In contrast, because therapy often persists for longer than this 72-hour duration, we measured costs through hospital discharge. The analysis took the perspective of a third-party payer in which we included direct medical costs and associated overhead accruing to hospitals and medical payers for the care of enrolled patients and their infants. Maternal costs included those of betamethasone and of the outpatient visits or inpatient stay required to administer betamethasone ( Table 1) . Betamethasone was administered as two 12-mg intramuscular doses 24 hours apart. If the infant remained undelivered 24 hours after the first dose, the second dose was administered. Enrolled women who received betamethasone during the stay in which they delivered incurred no additional costs for drug administration. Women who received betamethasone before the delivery admission had the location (inpatient or outpatient) of the second dose documented. It was deemed that the first injection was part of routine clinical care during the initial assessment, and an additional cost was assigned for the second dose if the patient was discharged before betamethasone administration. This additional cost was not assigned to the placebo (ie, no treatment) group because these women would not need to return for a visit specifically for antenatal corticosteroid administration. Because there were no differences noted between allocation groups for any other aspects of maternal resource use, other maternal costs were considered to be equal. Prices for maternal interventions were based on Medicaid rates. 18, 19 We estimated newborn costs by assigning each day of an infant's admission to 1 of the following mutually exclusive respiratory categories: (1) positive pressure ventilation (including conventional mechanical ventilation and highfrequency ventilation); (2) continuous positive airway pressure without endotracheal intubation; (3) supplemental oxygen
Key Points
Question Is administration of antenatal corticosteroids to women at risk for late preterm delivery a cost-effective strategy?
Findings In this secondary analysis of a randomized clinical trial, treatment with betamethasone was associated with a total mean woman-infant-pair cost that was significantly less than that for women and infants in the placebo group.
Meaning
The findings suggest that antenatal betamethasone treatment is associated with a statistically significant decrease in health care costs and with improved outcomes; thus, the treatment may be an economically desirable strategy.
via nasal cannula or hood; or (4) no respiratory support. This method of allocation was reflective of the ALPS trial's primary outcome, which was the need for respiratory support and included the following parameters: continuous positive airway pressure or high-flow nasal cannula for at least 2 consecutive hours, an oxygen requirement with a fraction of inspired oxygen of at least 30% for at least 4 continuous hours, extracorporeal membrane oxygenation, or the need for mechanical ventilation, all within 72 hours of birth. 15 We then further estimated costs by applying daily costs for each of these mutually exclusive neonatal intensive care unit (NICU) hospital-day categories as previously calculated and used in several other neonatal randomized clinical trial economic evaluations.
20,21 These daily costs were derived from infants' summed total daily charges for respiratory and nonrespiratory care at each illness acuity level. Infants with hypoglycemia that required management in the NICU but not respiratory support were assigned costs of NICU care without respiratory support. The charges were converted to costs by applying the appropriate ratio of costs to charges at the level of the hospital cost center, such as pharmacy, laboratory, and radiology; costs derived in this way are generally considered to be the best available typical estimates of the relevant daily expenditures across multiple hospitals. For infants admitted to the regular newborn nursery, we used nationally representative per-admission cost estimates from the published literature. 22 Physician professional fees for the hospitalization, based on information derived from the ALPS case report forms, were based on Centers for Medicare & Medicaid Services 19 reimbursement levels for each day of stay and nonbundled procedure.
Total costs per patient were the summed products of maternal and neonatal costs incurred. Only direct medical costs were considered, and all costs were expressed in 2015 US dollars, consistent with the completion of enrollment in the clinical trial. When necessary, cost inputs were converted to 2015 US dollars by using the Centers for Medicare & Medicaid Services Personal Consumption Expenditure Health price deflator.
23, 24 The decision tree is shown in eFigure 1 in the Supplement.
Statistical Analysis
In the first phase of the analysis, we directly compared mean cost between the study groups. Because cost data are typically right skewed, we modeled the logarithm of mean costs using generalized linear modeling with a logarithmic link function and γ distribution. [25] [26] [27] [28] Randomization stratum was included as the only covariate in this equation.
We calculated the incremental cost-effectiveness ratio (ICER), 29 defined as the difference in mean total cost per patient in the betamethasone and placebo arms divided by the difference in the effectiveness (defined as the proportion of patients in each study arm without the primary neonatal outcome) between the 2 groups. 30 This cost-effectiveness phase of the analysis used raw, nontransformed, and nonmodeled costs.
To assess statistical uncertainty in the joint distribution of costs and effects, we used nonparametric bootstrapping with 5000 random samples, each including 2821 mother-infant pairs drawn with replacement from the 2821 mother-infant pairs from the cost analysis set. 31, 32 For each sample, we calculated the difference in mean total cost, difference in percent effectiveness, and the ICER. We determined the proportion of the costs and effects pairs that resided in the dominant quadrant of a cost-effect graph and plotted the values against a range of willingness-to-pay thresholds on a cost-effectiveness acceptability curve. 33, 34 Finally, a deterministic sensitivity analysis was implemented to assess parameter uncertainty of cost values in which we recalculated the cost-effectiveness ratio after varying numerous maternal and neonatal costs across their plausible ranges. Specifically, the cost of betamethasone varied from 125% to 200% of the baseline cost, and all other costs varied from 50% to 200% of their baseline costs. For each costvarying scenario, the same nonparametric bootstrapping procedure was used. All tests were 2-tailed, and P < .05 was considered to be statistically significant.
Results
Costs were determined for 1426 mother-infant pairs in the betamethasone group ( . Of 2831 mother-infant pairs enrolled in the ALPS trial, 4 (0.14%) were lost to follow-up and 6 (0.21%) did not receive the first dose of study medication, leaving 2821 (99.6%) mother-infant pairs for whom costs could be esti- a Cost (in 2015 US dollars) assessed for mothers returning to the obstetrician's office or remaining in the hospital for the second dose but before the admission for delivery.
b Includes hospital and physician components.
c Cost for a mean of 2 to 4 days.
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mated for the analysis. Of those, there were 1426 motherinfant pairs (50.5%) in the betamethasone group and 1395 mother-infant pairs (49.5%) in the placebo group. Baseline characteristics were similar between allocation groups ( Table 2) . Treatment with betamethasone for mother-infant pairs at risk for late preterm birth was associated with a total mean (SD) cost of $4681 ($5798), which was significantly less than the $5379 ($8422) cost for pairs who were randomized to placebo (ie, who did not receive betamethasone) (difference, $698; 95% CI, $186-$1257; P =.02) (Figure) . According to the results of the ALPS trial, betamethasone use resulted in a 2.9% reduction (95% CI, −0.5% to −5.4%) in respiratory morbidity. Thus, because the treated group had lower costs and this strategy was more effective, administration of betamethasone to women at risk for late preterm birth was judged to be a dominant strategy, which is defined as one in which costs are lower and effectiveness is higher than a comparator (ICER, −$23 986 per case of respiratory morbidity averted). Dominance of the betamethasone strategy was maintained in 4940 of 5000 bootstrap estimates (98.8%) (eFigure 2 in the Supplement). Bivariable sensitivity analyses demonstrated that results were similarly robust when the costs of betamethasone and aggregate physician and institution costs were varied along plausible ranges (eTable and eFigure 3 in the Supplement). Effectiveness was 0.884% in the betamethasone group and 0.855% in the placebo group (change in incremental effectiveness, 0.029%). Dominance of treatment was also maintained in deterministic analyses when the efficacy of betamethasone was set to its extremes, at the lower and upper limits of the 95% CI in the parent trial; this confirmed the results seen in the bootstrapped sample (ICER with efficacy of 0.005, −139 600; ICER with efficacy of 0.05, −13 960).
Discussion
In this analysis, we found that health care costs were decreased in women at risk for late preterm birth who received betamethasone compared with no treatment. In the ALPS trial, betamethasone treatment was shown to improve neonatal respiratory outcomes (the effectiveness measure used in the present analysis); these combined findings suggest that its administration is a dominant strategy. On the basis of a 6.9% late preterm birth rate in 2015 and approximately $700 cost savings for each late preterm birth, 35 assuming only 50% are eligible, this intervention has a potential cost saving in the United States of approximately $100 million dollars annually from the benefit in the immediate neonatal outcome alone. Because late preterm birth comprises a large proportion of all preterm births, our findings have the potential for a large influence on public health. In evaluating the cost influence of late preterm birth, McLaurin et al 9 conducted a retrospective cohort study using the MedStat MarketScan Commercial Claims and Encounters database, which can link patient-level health care use with expenditures. They found that the mean hospital stay was longer for a late preterm infant compared with an infant born at term (8.8 vs 2.2 days). This longer length of stay was associated with a higher mean cost for the late preterm infant compared with its term counterpart ($26 054 vs $2087). Furthermore, the authors found that the increased costs continued through the first year of life in part because of higher rates of additional hospitalization. Jacob et al 7 found late preterm birth was associated with higher health care costs compared with term birth and that these increased costs persisted into the first year of life. Before their introduction, Bastek et al 36 performed a decision and economic analysis to understand the potential cost implications of antenatal corticosteroid treatments for late preterm infants. They found that a full course of corticosteroids at 34, 35, or 36 weeks was associated with reduced cost and morbidity of late preterm birth. Their findings are consistent with the findings of the ALPS trial and this economic analysis. However, a recent cost-effectiveness analysis based on aggregate data from the ALPS trial used trial secondary outcomes of transient tachypnea of the newborn and respiratory distress syndrome as the measure of effectiveness. 37 The authors did not assess the primary outcome. Because the parent trial found no difference in respiratory distress syndrome, any model of costs and effectiveness of respiratory distress syndrome based on the parent trial would be unlikely to show economic desirability. Furthermore, a quality-adjusted life year assessment at 7 days of life is of uncertain significance.
Strengths and Limitations
A strength of our study was the original randomized trial design, limiting bias by treatment assignment. There was little loss to follow-up, and we had well-defined and detailed respiratory outcomes for the first 72 hours of life. Our study approach also has limitations. Because costs were not assigned prospectively, we used a top-down cost estimation approach based on hospital length of stay and illness acuity. It is possible that this approach would have missed subtle differences in measured line-item resource utilization, but this would again unlikely be of significant magnitude given the stratification by the most important indicator of neonatal costs. Furthermore, costs based on specific diagnoses or resource utilization should be reflected in the analysis given their implications for NICU and physician costs. This study used a third-party payer approach compared with a societal approach. The latter would have required prospective assessment of cost, including cost to the family and lost patient productivity time, on which we did not have data. The effectiveness measure in our study was chosen to match that of a clinical trial. It was not possible to convert this to a nonsurrogate outcome, such as quality-adjusted life years or to include caregiver utility without a modeling process that would entail extensive assumptions. Use of betamethasone that was inconsistent with the protocol in the trial (eg, being given to women likely to deliver at term, those ineligible by study criteria, or other real-world permutations not evaluated in the clinical trial) may not yield similar cost-effectiveness results. Finally, in this third-party payer perspective, costs were limited to those related to direct medical care. Costs accruing to other parties, notably families, were not collected but are known to be significant for newborn hospital stays, which may be of policy relevance. However, because these costs are related to the length of stay, it is unlikely that the central conclusion (ie, dominance of the treatment) would be altered. Also, the use of Medicaid reimbursement rates represents a conservative approach to the estimation of costs, albeit one that continues to be frequently used in economic evaluations in the perinatal arena, given that it is the most common payer for such care. Recognizing the limitation of any specific source of price points, we used a broad range for the cost estimates in deterministic sensitivity analysis. The conclusions remained constant throughout this range.
Conclusions
We found a decrease in health care costs associated with administration of late preterm antenatal betamethasone to women who were at risk for delivery. This treatment may be an economically desirable strategy. 
